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Effect of clonidine on the release of serotonin from the rat hippocampus as 
measured by microdialysis 
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The purposc o f ihe  present study is to clarify the effect of  clonidinc on the release ofscrotonin from the rat h ippocampus in ~ivo. For lhis purpose, 
endogenous serotomn release was measured by brain microdialysis. Potassium-evoked serotonin release fi-om the hippocampus of freely moving rats 
was significantly inhibited x~hen clonidine (10 ~ M) was added to the pcrfusion sohition, while the 5-hydroxbindoleacetic acid output  remained 
unchanged. In catccholamincrgically dencrvaled rats. clonidine I I 0 " M ) also inhibilcd the polassium-e~oked scrolonil/release from the hippocampus 
and the 5-hydroxyindolcacetic acid output ~as  unaffected by clonidinc. These results suggest that lhc inhibitory ell'col of  clonidmc on serotonin 
release from the hippocampus might reflect the activation of 3~-adrcnoceptors ~ hich arc localized on the seroloncrgic ncrx, c terminals. 
Serotonin (5-HT) and norepinephrine (NE) are major 
and important neurotransmitters of the hippocampal 
formation. The rat hippocampus is densely innervated 
by both serotonergic and norepinephrinergic neurons 
from the raphe nuclei [9] and the nucleus locus coeruleus 
[4], respectively. These neuroanatomical and neuro- 
chemical studies indicated the possibility that functional 
interactions might exist between these monoaminergic 
systems. Thus, the release of serotonin from serotonergic 
neurons might be modulated by norepinephrinergic neu- 
rons in the hippocampus. This possibility is supported by 
the in vitro data reported by Frankhuyzen and Mulder 
[l] showing that norepinephrine inhibits the depolariza- 
tion-induced release of [3H]5-HT from hippocampal 
slices via the activation of ~-adrenoceptors. In addition, 
Maura et al. [8] indicated that these adrenoceptors 
belong to the 0~3-subtype. This mechanism may play a 
physiological role in vivo. So far, little is known about 
the specific effect of ~2-adrenoceptor agonists on 5-HT 
release in vivo in the brain of the rat. The present study 
was undertaken to elucidate czz-adrenoceptor-mediated 
5-HT release modulation in the hippocampus of fi'eely 
moving rats using microdialysis. In order to exclude the 
possibility that the modulation of 5-HT release by cz,- 
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adrenoceptors is an indirect action, e.g., via short inter- 
neurons, we used some rats that were catecholaminergi- 
cally denervated by 6-hydroxydopamine (6-OHDA). 
Rats were anesthetized with ketamine (100 mg/kg, 
i.p.). A 3 mm concentric dialysis probe (EiCOM, Japan) 
was stereotaxically implanted into the hippocampus 
(probe tip: rostral-caudal -5.8 ram, lateral - 4.8 mm, ven- 
tral -7.0 ram, from bregma and dura surt,tce according 
to Paxinos and Watson, [10]) and secured in place with 
dental cement. Alter the rats recovered from surgery, the 
probe was continuously pert\lsed (2 pl/min) with Ringer 
solution. Every 20 rain, perfusates were collected in 
iced vials and immediately injected into a high-per- 
formance liquid chromatograph (HPLC, P-500, Irika 
Kogyo, Kyoto, Japan) with an electrochemical detection 
system (ECD, E-502, lrika) For the measurement of ex- 
tracellular levels of 5-HT and its major metabolite, 5- 
hydroxyindoleacetic acid (5-HIAA) [7]. Since 5-HT 
release from the rat hippocampus became constant 220 
rain after the initiation of pert'usion, a high concentration 
of KC1 ( 120 mM) was added to the perfusion solution for 
40 rain with or without clonidine (10 > M, Sigma). At lhe 
end of the experiment, brain sections were cut and exam- 
ined to confirm the insertion site of the dialysis tube. 
In order to destroy norepinephrinergic neurons, some 
rats were injected intracerebroventricularly (i.c.v.) with 
6-OHDA (200 #g, Sigma) 10 rain after the administra- 
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Fig. 1. Effect of clonidine on the potassium-evoked 5-HT release in the hippocampus of freely moving rats. A: 120 mM KCI was added to the 
perfusion solution for 40 min with (e, n--4) or without (©, n 5) clonidine (10 ~ M) in intact rats. • represents 6-OHDA-lesioned rats with clonidine 
(10 5 M, n=5). Each point represents the mean +_ S.E.M. B: areas under the curves (AUC) were calculated and statistical comparison was made 
between control and clonidine groups (*P<0.05). Each column represents the mean + S.E.M. 
destruction of  serotonergic neurons. The administration 
of the neurotoxin was carried out with a microsyringe 
that was positioned with a stereotaxic apparatus  at a 
depth of  3.3 m m  below the surface of  the dura mater, 1.4 
m m  lateral to the midline and 0.8 mm posterior the the 
bregma. All i.c.v, injections were made in 10 pl volumes 
and delivered over a period of 2 rain. Measurements were 
taken 14 days after the i.c.v, injection of 6-OHDA. The 
hippocampal  content of  NE and 5-HT was determined 
by HPLC-ECD.  The method has previously been de- 
scribed in detail by Matsumoto  [6]. 
The content of  5-HT in the dialysates is expressed as a 
percentage of  the absolute amount  of  5-HT contained in 
the dialysate collected immediately before the addition of  
KC1. The recovery of  each probe was also measured 
before the experiment to rectify the data. 
All results are given as mean + S.E.M. Statistical com- 
parisons were carried out using analysis of  variance fol- 
lowed by the Student 's t-test. Values of  P less than 5% 
were considered significant. 
The overal mean basal output  of  5-HT in the present 
study was 27.0_+6.1 fmol/40/A and of  the major  metabol- 
ite of  5-HT, 5-HIAA, was 3.6_+0.6 pmol/40/A. As shown 
in Fig. 1, the addition of  120 mM KCI produced a 
maximal 761% increase in the perfusate of  5-HT as com- 
pared with the basal release. On the other hand, 5-HIAA 
was not affected by potassium-stimulation in spite of  the 
marked increase in 5-HT (Fig. 2). Under these condi- 
tions, clonidine (10 5 M) added to the perfusion solution 
significantly decreased the K+-evoked 5-HT release to 
363% (P<0.05), while the 5-HIAA output was unaffected 
by clonidine. The areas under the curves (AUC) of  the 
5-HT release in control and clonidine-applied groups 
were 25.4 _+4.41 (×10 3 %.min, n=5) and 10.0 + 2.03 (×10 3 
%.min, n=4), respectively (P<0.05). In rats whose cate- 
cholaminergic neurons were denervated with i.c.v. 6- 
OHDA,  basal levels of  5-HT and 5-HIAA were 27.7_+7.9 
fmol/40/A and 2.8_+0.5 pmol/40/zl, respectively. These 
values were not altered as compared with catecholami- 
nergic neuron intact rats. As an index of lesion efficacy, 
the tissue content of  NE and 5-HT was measured: the 
NE and 5-HT levels in 6-OHDA-treated animals were 
16.7_+2.9 and 252+_37.7 ng/g wet weight, respectively. 
These figures represent 5.70% (n=5. P<0.01) and 125% 
(n=5, n.s.) of  the levels detected in the non-lesioned ani- 
mals. The K+-evoked 5-HT release was also significantly 
attenuated by clonidine (10 5 M) in 6-OHDA-lesioned 
rats. The AUC was 11.6 _+ 2.37 (×10 3 %.min. n=5). The 
5-HIAA output was not affected by potassium stimula- 
tion in either nerve-intact rats or catecholaminergically 
denervated rats. 
Through the use of  microdialysis, the present experi- 
ment demonstrated that clonidine inhibits depolariza- 
tion-induced endogenous 5-HT release m the hippo- 
campus of freely moving rats. The release o f  5-HT from 
different rat brain preparations in vitro is inhibited by 
59 
A B 
lli 5 0 0  - IO 
Ill 
.Q  
4 0 0  - 
o 
e- _300 - 
® 
0 
2 0 0  
,~ ! O 0  
I 
0 
- 4 0  
- - o - -  c o n t r o l  - o -  c l o n i d i n e  - A -  6 - O H D A  









. . . . .  . . .  . _ _ _ = !  > o
. . . . .  . . . . .  @ 
I 
- 2 0  0 2 0  4 0  6 0  8 0  1 0 0  
(% m in ) x  1 0  3 
1 5  
t 0  
5 
o - = = = ~  
± 
- 1 © '  




+ c i o n l d i n e  
t i m e  ( m i n )  
Fie. 2. Effect of  chmid inc  on lhc po ta s s ium-cvoked  5 - H I A A  ou tpu t  in the h i p p o c a m p u s  of  freely n l o \ i n g  rats . . , \ :  120 mM K('I  wa,, added to the 
perfusioi l  so lu t ion for  40 inin w i th  (l l ,  n 4) or  w i t hou t  (, ,, #l 51 c lon id ine (10 5M) in intact  rats. • i'eprcscnts 6 - ( ) t l l ) A - I c s i o n c d  rats \~ilh c lon id inc 
( l i t  " M, ## 5). [~ach poinl  I'Opl-CSCIl/"4 ilae I11C~.ll1 + S.E.M. B: areas  l.lndoF the ctlrvcs ( A U ( ' )  \~ci-c calcuhi lcd illld c.'~.tcI1 cohll]lll  represents  the illC{111 f 
S.E.M, 
the actiwltion of 0q~-adrenoceptors located on the 5-HT 
nerve terminals [1, 2, 8, 11]. The present data are in 
agreement with those of previous in vitro experiments 
and also support  the possibility of  local modulation of 
transmitter release from the serotonergic neurons by no- 
radrenergic neurons. 
The present investigation revealed that K ~ (120 raM) 
induced an increase in the 5-HT concentration of the 
perfusate fl'om the hippocampus of freely moving rats. 
Under these conditions, changes in stimulated 5-HT 
overflow probably reflect changes in endogenous 5-HT 
release from the serotonergic neurons of  the hippo- 
campus. It has previously been shown with a microdia- 
lysis technique that the steady-state level of  5-HT can be 
elevated by the addition of depolarizing concentrations 
of K (120 raM, 60 rain) to the perfusion medium in the 
hypothahtmus of the rat [5]. In the present study, al- 
though a similar basal level of 5-HT was obtained, the 
same concentrations provoked an increase in extracel- 
lular 5-HT in the intact rat hippocampus, which was ap- 
proximately twice higher than the increase reported by 
Mates et al. [5] in the rat hypothalamus. This discre- 
pancy may simply be due to the difference in brain areas. 
In contrast to 5-HT, the output of  5-HIAA in the intact 
animals wlts not affected by the depolarization of 120 
mM KCI. The reason why the 5-HIAA levels are not 
altered may be that the extracelluhu" space 5-HIAA levels 
primarily reflect the mtraneuronal  metabolism, and only 
to a minor degree the metabolism of 5-HT released lronl 
the nerve terminals. The proposal that 5- t t lAA reflects 
the intraneuronal metabolism of 5-HT and not the 
release of  5-HT was made by Grahame-Smiih [3]. 
Furthermore,  the present experiment using rats whose 
catecholaminergic neurons are denervated by 6-Ot IDA 
shows that 5-HT release is still inhibited by addition of 
clonidine to the perfusion solution. This suggests that 
cz_,-adrenoceptor-mediated 5-HT-release moduhition 
might be elicited viii a "heteroreceptor" on the seroto- 
nergic nerve terminals. Thus the possibility that the in- 
hibition of 5-HT release bv clonidine is an indirect ac- 
tion, e.g., mediated by short interneurons, can bc ex- 
chided. However, we did not observe up-reguhttion res- 
ponse, i.e., enhancement of ~-adrenoceptor function. 
In summary, potassium-evoked 5-HT release from the 
hippocampus of freely moving rats was inhibited b 3 clo- 
nidine (10 > M) added to the perfusion sohltion in both 
intact and 6-OHDA-lesioned rats. Taken together, lhesc 
restllts suggest that the inhibitory effect of clonidine on 
5-HT release from the hippocampus might reflecl the 
activation of e~z-adrenoceptors which arc located on the 
serotonergic nerve terminals and that this mechanisnl 
might also play a physiological role in the hippocampus. 
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